T he release of insulin evoked by nutrient secretagogues (e.g., glucose) in the pancreatic B-cell is mediated by a sequence of metabolic, ionic, and motile events, culminating in the exocytosis of secretory granules. The latter phenomenon itself entails the fusion and fission 1 of membranes, followed by the dissolution of the granule core in the interstitial fluid. According to this hypothesis, when secretory granules form a fusion complex with the plasma membrane, an anion transport site presumably derived from the granule-limiting membrane spans the membrane separating the intragranular space and the extracellular medium, so that the downhill (20) Insulin release was measured by incubating groups of 8 islets each for 90 min at 37°C in a bicarbonate-buffered medium (1.0 ml) equilibrated against a mixture of O 2 (95%) and CO 2 (5%), as described elsewhere. The control values for basal and glucose-stimulated insulin release are shown in the first two lines. The change in Cl~ concentration (control value: 124 mM) was obtained by equimolar replacement of NaCI by sodium isethionate. Mean values (± SEM) are shown together with the number of individual determinations in parentheses.
T he release of insulin evoked by nutrient secretagogues (e.g., glucose) in the pancreatic B-cell is mediated by a sequence of metabolic, ionic, and motile events, culminating in the exocytosis of secretory granules. The latter phenomenon itself entails the fusion and fission 1 of membranes, followed by the dissolution of the granule core in the interstitial fluid. 2 A chemosmotic hypothesis was recently proposed to account for the fission of membranes at the exocytotic site. 3 According to this hypothesis, when secretory granules form a fusion complex with the plasma membrane, an anion transport site presumably derived from the granule-limiting membrane spans the membrane separating the intragranular space and the extracellular medium, so that the downhill Insulin release was measured by incubating groups of 8 islets each for 90 min at 37°C in a bicarbonate-buffered medium (1.0 ml) equilibrated against a mixture of O 2 (95%) and CO 2 (5%), as described elsewhere. 7 The control values for basal and glucose-stimulated insulin release are shown in the first two lines. The change in Cl~ concentration (control value: 124 mM) was obtained by equimolar replacement of NaCI by sodium isethionate. Mean values (± SEM) are shown together with the number of individual determinations in parentheses.
transport of anions (Cl~, OH~) into the granule eventually leads to the fission of the membrane by osmotic lysis. This model implies that the secretory process should be inhibited (1) if a sufficient amount of extracellular Cl~ is replaced by an impermeant anion (e.g., isethionate), (2) if the osmolarity of the extracellular medium is sufficiently increased (e.g., by addition of sucrose) to prevent osmotic lysis, and (3) if an anion transport blocking agent (e.g., probenecid) is used to prevent the downhill transport of Cl~ and OH". The data illustrated in Table 1 indicate that glucose-induced insulin release from isolated rat pancreatic islets is indeed inhibited when Cl" is replaced by isethionate, when sucrose is added to the incubation medium, or when the islets are exposed to probenecid.
The inhibition of insulin release by isethionate or sucrose was reversible. For instance, when islets were incubated for three successive periods of 45 min each in the presence of glucose (16.7 mM) and when Cl~ was substituted by isethionate (115 mM) during only the second period of incubation, the rate of insulin release averaged 138 ± 6 (first period), 80 ± 5 (second period), and 144 ± 4 (third period), /uU/islet/45 min (N = 13 in each case). These functional data suggest, but do not prove, that a chemosmotic process participates in the exocytotic event.
The chemosmotic hypothesis also implies that, for the fission of membrane to occur, the anion transport site must be exposed to the extracellular medium with its specific anionic composition. In other words, when secretory granules move into close vicinity of one another in the cytoplasm, no fission of membrane would occur as long as one of the granules has not established contact with the plasma membrane. Inversely, once such a contact has been established, the fission process may rapidly progress from one to the next secretory granule. These implications are in good agreement with current morphologic observations in the pancreatic B-cell. Thus, although exposure of the B-cell to glucose may somehow favor the close apposition and binesis of secretory granules, 4 a fission between adjacent granules is usually observed when one of them is already in direct communication with the extracellular space ( Figure  1 ). Insulin granules in the B-cell are often disposed along oriented microtubular pathways. 5 This anatomic organization, taken in conjunction with the chemosmotic mechanism, may account for the fusion and fission of several secretory granules at the same exocytotic site, a phenomenon known as chain release 2 or compound exocytosis. 6 In conclusion, the chemosmotic hypothesis for the release of secretory granules from the pancreatic B-cell not only provides a biochemical explanation for the fission of membranes at the exocytotic site, but may also account for the phenomenon of chain release, in which two or more secretory granules are discharged, in a row, at the same exocytotic site.
